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CHARGE-COUPLED DEVICE WITH PHOTO
CHROMIC LAYER

This application claims the benefit of Korean patent
application No. 1996/26096, filed Jun. 29, 1996, which 1s
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a charge-coupled device
(CCD), and more particularly, to a charge-coupled device
which 1improves the resolution of a device.

2. Discussion of the Related Art

In general, a CCD can be divided into a light-receiving,
part for receiving light, a transfer channel part for transfer-
ring charges, and a charge detector of observing the amount
of signal charge and converting 1t 1into a voltage.

Recently, as systems utilizing the CCD attempt to achieve
a light weight and a high resolution, the number of pixels has
increased and the size of a CCD chip has decreased. Thus,
the area occupied by the light-receiving part that can receive
light has decreased, reducing the signal amount and dete-
riorating characteristics such as a dynamic range. In order to
improve the resolution and to maintain the high sensitivity,
the reduction of noise level 1s necessary. However, since the
relation between the sensitivity and resolution 1s a trade-off,
simultaneously improving both 1s difficult.

When imaging is carried out, the degradation of definition
due to the difference of the partial brightness of the image 1s
caused by the limited dynamic range, so that this aspect
becomes an important cause of deteriorating device charac-
feristics.

Recently, the Matushita Co. of Japan has suggested a
method with the construction of one screen such that a long
exposure signal (LE signal) and a short exposure signal (SE

signal) appear alternately, thereby enlarging the dynamic
range of the CCD.

However, with this method, a method of transferring the
image charge should be changed. Further, the problem of
deteriorating sensitivity of the device cannot be solved.

A conventional device will how be described with refer-
ence to the attached drawings.

FIG. 1 shows the construction of a conventional charge-
coupled device. In general, the charge-coupled device com-
prises a plurality of photodiodes 1 arranged 1n a matrix for
converting an optical 1image signal 1mnto an electrical signal,
vertical charge transfer regions 2 transferring the image
charge from the photodiode 1 region 1n a vertical direction,
a horizontal charge transfer region 3 for transferring the
image charge transferred in the vertical direction through
vertical charge transfer region 2 1in a horizontal direction,
and a sensing amplifier 4 for sensing the 1mage charge
transferred 1n the horizontal direction and outputting a signal
to a peripheral circuit.

In the CCD as constructed above, the image charges
converted and generated 1n the photodiodes 1 are moved to
vertical charge transfer region 2 by a pulse that 1s periodi-
cally applied to a transfer gate (not shown).

Then, the 1mage charges moved to vertical charge transfer
region 2 and horizontal charge transfer region 3 are trans-
ferred to an output terminal of the CCD, according to the
variation of the potential well caused by a clock signal
applied repeatedly.

When a CCD camera 1s constructed using the above CCD,
by detecting an average 1llumination of an 1image 1maged by
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2

the CCD through a lens, an 1r1s should be adjusted so that the
average 1llumination of the above image 1s fit for the
dynamic range of the CCD.

If the signal level 1s a specific value or less, gain should
be properly adjusted through an automatic gain controller.

However, 1in the conventional CCD, the following prob-
lems exist.

In general, the dynamic range of the CCD 1s not more than
140 of a brightness that exists. 1in nature. Accordingly,
imaging one object with the above brightness on one screen
by using the charge-coupled device 1s impossible, because
even 1f the 1r1s 1s adjusted, 1imaging 1s possible only if the
imaging screen 1s clear or dark on the whole. Further,
imaging the object in which the clear part and dark part exist
partially together 1s 1mpossible because the degradation of
definition occurs 1n the dark part.

SUMMARY OF THE INVENTION

Accordingly, the present invention 1s directed to a
charged-coupled device that substantially obviates one or
more of the problems due to the limitations and disadvan-
tages of the related art.

An object of the present invention 1s to provide a charge-
coupled device including a light-receiving part having a
olass and receiving an image, and a photo chromic layer
formed on the glass and being progressively colored accord-
ing to a level of brightness of the image, to control an
amount of the transmitted light such that the amount of light
transmitted for bright parts and dark parts of an 1mage are
substantially equalized, and a frame located on sides of the
light receiving part.

Additional features and advantages of the present inven-
tion will be set forth 1n the description which follows, and
will be apparent from the description, or may be learned by
practice of the mvention. The objectives and other advan-
tages of the invention will be realized and attained by the
structure and process particularly pointed out 1n the written
description as well as 1n the appended claims.

To achieve these and other advantages and 1n accordance
with the purpose of the present invention, as embodied and
broadly described, in accordance with a first aspect of the
present invention there 1s provided a charge-coupled device
including, a light-receiving part having a glass and receiving
an 1mage, a photo chromic layer formed on the glass and
being progressively colored according to a level of bright-
ness of the 1mage, to control an amount of transmitted light
such that the amount of light transmitted for bright parts and
dark parts of an 1mage are substantially equalized, and a
frame located on sides of the light receiving part.

It 1s to be understood that both the foregoing general
description and the following. detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the mvention as claimed.

BRIEF DESCRIPTION OF THE AT'TACHED
DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated 1 and constitute a part of this specification, illustrate
embodiments of the invention that together with the descrip-
fion serve to explain the principles of the invention.

In the drawings:

FIG. 1 shows the construction of a conventional charge-
coupled device;

FIG. 2 shows a package for of a charge-coupled device;
and

FIG. 3 shows the construction of a charge-coupled device
of the present invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which
are 1llustrated in the accompanying drawings.

FIG. 2 shows the package for a charge-coupled device,
and FIG. 3 shows the construction of a charge-coupled
device of the present invention.

In the charge-coupled device of the present invention,
above a light-receiving glass 21 1s formed on the package of
a CCD 20 including a plurality of photodiodes arranged 1n
a matrix and converting an optical 1image signal into an
clectrical signal. A vertical charge transfer region transfers
the 1mage charge converted and generated 1n the photodiode
region 1n a vertical direction, and a horizontal charge trans-
fer region transferring the image charge transferred in the
vertical direction through the vertical charge transfer region
in a horizontal direction. A photo chromic layer 22 1s formed
in which coloration and decoloration phenomena occur by
the 1ntensity of light to thereby vary the transmissivity of
light.

The photo chromic layer 22 1s provided on the surface of
the glass 21 (see FIG. 3) which includes either a material
formed by adding a fine halogenate silver crystal into an
inorganic glass or a material formed by adding silver chlo-
ride (AgCl) and copper chloride (CuCl) crystals into an
Inorganic glass.

That 1s, to form the photo chromic layer 22, either the
halogenate silver crystal or AgCl and CuCl crystals are
added to glass while 1t 1s in the molten state. The glass
consists of a complex matrix of silicates which 1s ordinarily
transparent to visible light.

The CCD package process for forming the charge-
coupled device of the present invention will now be
described. The CCD 1s packaged so that the charge-coupled
device 1s diced so that an end user can use 1t easily.
Generally, integrated circuit (IC) packages are either a
plastic type and a ceramic type. In addition, they can be
further classified by their shape.

The package that 1s presently used for the CCD 1s a side
brazed shape of the ceramic type and constructed by sealing,
a glass Iid.

The package process of the CCD 1s progressed in the
sequence of inspecting whether the package of a fab-out
waler 1s applicable or not, inspecting whether the attachment
of the water and the detachment of a chip are suitable or not
(inspection to the UV tape import, mounting the wafer,
dicing/sawing the chip, die-attaching the diced chip on a
ceramic substrate, irradiating UV-rays and curing an epoxy,
wirebonding, sealing, trimming a lead, marking the back
side, and curing.

In the charge-coupled device of the present invention, in
the secaling process of the CCD package processes pro-
oressed as described above, the photo chromic layer 22 1s
formed on the glass surface of the light-receiving part.

FIG. 3 shows the construction of the CCD package. The
CCD package mcludes a CCD 20 located on a ceramic base
25, a ceramic frame 24 formed on a part excluding the active
region of CCD 20, a lead frame 23 connected to the CCD 20
between the ceramic frame 24 and the ceramic base 25, and
a light-receiving glass 21 sealed on the ceramic frame 24.

In the charge-coupled device of the present invention, the
photo chromic layer 22 1s selectively colored or decolored in
response to a brightness of an optical 1image, controlling the
amount of the transmitted light on the light-receiving glass

21.
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4

For example, the photo chromic layer 22 1s easily colored
or decolored by oxidation-reduction reactions of AgCl 1n
response to light. That 1s, AgCl 1s susceptible to oxidation
and reduction by light as described below.

CI"—Cl+¢™ (oxidation)

Ag*+e”—Ag (reduction)

As described 1n the reactions above, the chloride 1ons are
oxidized to produce chloride atoms and electrons. The
clectrons are then transferred to silver 10ns to produce silver
atoms. The 10ns cluster together and block the transmittance
of light, causing the light-receiving glass 21 to be colored.
Such a photo chromic process occurs almost simultaneously
with the incidence of light, and the photo chromic process 1s
dependent on the intensity of the light.

That 1s, the following reactions occur:

Cl+Cu*—Cu**+CI™

The chlorine 1ons formed by the exposure to light are
reduced by the electrons of the copper 1ons, preventing their
escape as gaseous atoms from the matrix of the glass.

The copper Cu*' ions are oxidized to produce copper
Cu*~ ions, and then react with the silver atoms as shown:

Cu**+Ag—Cu* ' +Ag*

Such reactions of Ag(Cl and CuCl crystals repeat, thereby
causing the light-receiving glass 21 to become colored or
decolored 1n response to the intensity of the light.

According to the brightness of the image received through
a lens, the photo chromic layer 22 formed on the light-
receiving glass 21 1s colored or decolored, and the dynamic
range of light that passes through light-receiving glass 21 1s
controlled so as to be suitable for the charge-coupled device.

That 1s, since the bright part of the 1mage signal 1s one that
passes through the colored region of the photo chromic layer
22 and becomes somewhat dark so as to be suitable for the
dynamic range of the charge-coupled device.

Further, since the dark part of the 1mage signal 1s one that
passes through the uncolored region of the photo chromic
layer 22, 1t becomes 1imaged with the original brightness.

Accordingly, imaging the dark and clear parts of the
image 1s carried out without the degradation of the 1mage.
When imaging of the bright parts of the image 1s carried out,
the photo chromic layer 22 i1s colored in its enfirety to
control the brightness, increasing the dynamic range of the
CCD.

When the charge-coupled device of the present mnvention
1s used 1n a CCD camera system, the amount of the trans-
mitted light 1s not controlled by the 1r1s, but controlled by the
photo chromic layer 22 that 1s colored or decolored by the
brightness. Thus, the system can be simplified. Further, the
dynamic range of the charge-coupled device 1s enlarged
ciiiciently, thereby raising the resolution of the 1mage-
pickup device.

While the invention has been described 1n detail and with
reference to specific embodiments thereof, 1t will be appar-
ent to one skilled in the art that various changes and
modifications can be made therein without departing from
the spirit and scope thereof. Thus, it 1s intended that the
present mvention cover the modifications and variations of
this 1nvention provided they come within the scope of the
appended claims and their equivalents.

What 1s claimed 1s:

1. A charge-coupled device comprising:

a light-receiving part having a glass and receiving an
image;
a photo chromic layer formed on the glass and being

progressively colored according to a level of brightness
of the 1mage, to control an amount of transmitted light
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such that the amount of light transmitted for bright 3. The charge-coupled device as claimed 1n claim 1,

parts and dark parts of an 1mage are substantially Wherem thf’; photo chromic laY?f 1S formec} by adghng ﬁqe

equalized; and silver chloride and copper chloride crystals 1nto an inorganic
’ glass.

4. The charge-coupled device as claimed in claim 1,
wherein the glass includes a complex matrix of silicates, the
matrix being transparent to visible light.

a frame located on sides of the light receiving part.

2. The charge-coupled device as claimed in claim 1,
wherein the photo chromic layer 1s formed by adding fine
halogenate silver crystals 1nto an inorganic glass. S I T
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